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22-0T IN THEAEDC50-1NCHB WINDTUNNEL(OH4B)
By
T. F. Foster and W. J. Grifall,
Rockwell International Space Division
W. Martindale, AEDC
ABSTRACT
Results of wind tunnel heat transfer tests of O.Ol75-scale Rockwell
International Space Shuttle Vehicle configurations for orbiter alone,
tank alone, and orbiter plus external tank are presented in this report.
Body flap shielding of SSME'sduring simulated entry was also investi-
gated.
The tests were conducted at Mach8 for thirteen Reynolds number per
foot values ranging from 0.5 x lO6 to 3.72 x lO6.
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Wing Leading Edge Clusters B & C T/C Locations
External Tank T/C Locations Side Views
External Tank T/C Locations (Locations around plumbing
lines) Top View
Model photographs.
Second Stage Configuration Front View
Second Stage Configuration Side View














































































HI/HO, IIU/HO vs X/LT
III/HO, HU/HO vs X/L





NOTE: A large volume of working data plots were generated and
released by the Data Management Services during initial
data processing activities. However, for documentation
purposes, only a small representative selection of plots
are included. The data will remain on file and be availa-




The experimental investigation described in this report was performed
to obtain aerodynamic heating rate data in both ascent and entry flight
regimes of the Space Shuttle Vehicle. Second stage ascent interference
heating was investigated with the orbiter alone, tank alone and orbiter
plus external tank configurations at angles of attack of -IO °, -5°, 0°,
and 5° and sideslip angles of 0° and -2° •
Orbiter entry heating data was obtained over an angle of attack range
of 25 ° to 45 ° for sideslip angles of 0° and 5°. Effects of control surface
deflections and body flap nozzle shielding were also investigated.
The test program was conducted in the Arnold Engineering Development
Center VKF 50-inch B tunnel at Mach 8 for free-stream Reynolds number per




























model skin thickness, span, in
chord, in
specific heat of model material, BTU/Ibm - °R
heat transfer coefficient, BTU/ft2-sec-°R
reference heat transfer coefficient, BTU/ft2-sec-R
ratio of interference heat transfer coefficient
to stagnation heat transfer coefficient
ratio of interference heat transfer coefficient
to undisturbed heat transfer coefficient
ratio of undisturbed heat transfer coefficient to
stagnation heat transfer coefficient
enthalpy, BTU/Ibm
adiabatic wall temperature ratio, Taw/T o (recovery
factor). NOTE: Where HAW/HT = 0.0 in displayed
data, the heat transfer coefficient has been calcu-
lated using a recovery factor calculated from Taw/T o =
(0.867+0.133 sin 1.ss _), where a = (_ + o). Alpha is













































adiabatic wall temperature, °R
initial heat transfer rate, BTU/sec
thermocouple
model material density, Ibm/ft 3
axial distance from nose to corresponding
component, in
chordwise location, fraction of local chord
longitudinal location, fraction of length
spanwise distance from centerline, in
longitudinal location on tank, fraction of length
waterplane distance, in
spanwise location of semispan
vertical tail location, fraction of height
aileron deflection angle, degrees
body flap deflection angle, degrees
rudder deflection angle, degrees
sideslip angle, degrees
angle of attack, degrees
elevon deflection angle, degrees
radial loaction on tank, degrees



















During the course of mated configuration testing, it was felt that the
forward canopy to wing bottom surface seam may have affected transition.
This seam was repaired with dental plaster and 48 transition study runs
were made at the end of the test with the orbiter alone configuration. These
runs (177-224) consisted of eleven Re/ft values at two angles of attack,
and demonstrated that the seam did not prematurely trip the boundary layer.
The original run schedule did not include obtaining data from the II
T/C's on the windshield, but during the test high heating rates were ob-
served in the canopy area. Therefore, three runs (#31, 32, and 33) were
added to the run schedule to obtain this data. The first II T/C's of the
data acquisition system switch position No. 1 were replaced with the wind-
shield T/C's for these runs.
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CONFIGURATIONS INVESTIGATED
The 22-0T model is a O.Ol75-scale replica of the Vehicle 3 configuratioY_
Rockwell International Space Shuttle Orbiter and external tank per Drawing
Number VL70-000139. The model was a thin skin thermocouple model instrumented
with 428 iron-constantan thermocouples and was sting mounted through the
orbiter base. The tank was sting mounted to the orbiter sting.
Provisions were made to test elevon deflections of 0 °, +5 ° , +10°;
body flap deflections of 0 °, +I0°; and rudder flareangles of 0 ° and 40 ° .
Entry orbiter nozzle heating data was obtained by replacing the orbiter
main sting with an instrumented base plate and nozzle and an offset sting
mounted through the vertical tail area. The offset sting simulated a rudder
flare deflection angle of 40 ° .
The main model structure is 15-5 PH stainless steel with instrumented
areas of 15-5 PH and 17-7 PH. Thermocouple locations and local skin thick-
nesses are presented in Table 4. The model instrumentation reference system
is described in Figure I. The configurations tested are described below
with the component definitions given in Table 3.
5' WI03' E22' V7' R5
7' M4' F5' WI03' E22' V7' R5' TIO
BI7, C7, M4, F
BI7, C
TIO
BI7, C7, M4, F 5, WIO3, E22, V7, R5, N
Orbiter alone (0 I)
Orbiter plus tank (01 + TIO)
Tank alone (TIo)




The Arnold Engineering Development Center (AEDC) is an Air Force
Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is
located in the Von Karman Facility portion of this center. Engineering
and other technical operations in this tunnel are performed by contractor
personnel of ARO, Inc.
Tunnel B is a continuous, closed circuit, variable density wind
tunnel with an axisy_etric contoured nozzle and a 50-inch diameter test
section. The tunnel can be operated, at a nominal Mach number of 6 or 8
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,
and at a stagnation temperature of up to 1350°R. The model may be in-
jected into the tunnel for a test run and then retracted for model cooling
or model changes without interrupting the tunnel flow.
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TEST PROCEDURES
The model was installed upright for second stage testing and offset-
sting nozzle heating and transition studies. The orbiter was inverted for
entry, orbiter alone testing. All configurations were leveled in both pitch
and yaw planes. Yaw angles were obtained by combinations of roll and pitch
with the tunnel model support system.
All instrumentation leads were routed internally through the model sup-
port apparatus to the data acquisition patching network outside the tunnel.
Two hundred ninety one thermocouples were connected to the instrumentation
patch board. Since the data acquisition system capability was ninety-seven
recorded thermocouples per run, three runs were necessary for one test point.
Each run of the test point series corresponded to one switch position (97
channels) of the data acquisition system.
The model was injected into the flow and remained on centerline for
approximately one second. After retraction, the model was cooled to an
isothermal state by air from high pressure manifolds.
For orbiter transition studies and nozzle heating tests, the orbiter
base and main sting were removed and replaced with an instrumented base plate
and nozzle. The model was then mounted with an offset sting through the
vertical tail area. Only two main engines were simulated and only the left




Thermocouple outputs were recorded on magnetic tape at the rate of
20 times per second from the start of the injection cycle until about 4
seconds after the model reached the tunnel centerline. The heat transfer
coefficient, h, was computed from the relation
h = Wbc
T O - Twi




W = model skin density, Ibm/ft 3
b = model skin thickness, ft
Cp = model skin specific heat, BTU/Ibm - °R
Twi = initial model skin temperature, °R
This relation was derived from the equation
dTw
h - WbCp B_--
TO - Tw
which neglects conduction losses and the assumptions that h, W, and
Cp are constants.
If conduction Iossesare indeed very small, then
In [ To Twi ]
TO Tw
versus time is very nearly linear. Even when conduction effects
are significant, a small linear portion of the curve can generally be found
_ 13
at early time. It is for this reason that a linear least squares curve
fit of In((T o - Twi)/(T o - lw)), begun as soon as it could be determined






The lengths of the curve fits were kept as short as possible and yet
be consistent with system noise characteristics. These curve fit lengths
are given below:





















Foster, T.F.: Pretest Information for Testing of the 22-0T O.Ol75-
Scale Thin Skin Thermocouple model in the AEDC 50-inch B Wind Tunnel.
Rockwell International Publication Number SD73-SH-0237, September 4,
1973.
TEST ; OH4B
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TABLE III. - MODEL DIMENSIONAL DATA
GENERAL DESCRIPTION: Fuselage, 3 confi_uratlon, lightweight orbiter per








Max. depth - In.
Fineness Ratio





_ULL SCALE MODEL SCA_
......m_, 3_ a2. _!_.t
_6L6 4.68_8_3o




TABLE III. - Continued.
NK)DEL OOMPO_SNT: CANOPY - 07
GE][ERAL DESCRIPTION: Configuratio,n 3 per Rockwell Lines VL70-000139




Length (Xo = 433 to Xo = 670) - in FS
Max. Width











MODEL COMPONENT: OMS POD - M_














L of OMB Pod
WP = 463.9 In. FS; WP 400 + 63.9 = 463.9
BP- 80.0 In. FS
LENGTH: 1214.0 to 1560.0 - 346.0 In. FS
NOTE: M4 is identical to M3 of 2A configuration,
except intersection to body.





TABLE III. - Continued.
Norm,oom_os_rr..BoI_n_.P- F_ ....





















I-TABLE III. - Continued.
MODELCOV2ONL_T: WING-WI03
GENERALDESCRIPTI(_'_: Conf'J_uration3 Orbiter per Lines VLTC)-C_]O139,
NOTE: SP_meplanform as W_7, except dihedral at TE
Scale Model := O 0175
TEST NO_
DI MENSIONS:
J ,,,,, ,11i ,, ,,j
TOTAL DATA






Dihedral Angle, degrees (g TE o£ Elevon)
Incidence Angle, degrees
Aerod_mamic Twist, degrees








Fus. Sta. of .25 MAC
•W.P. of .25 MAC
B,L, of ,25 MAC
EXPOSEDDATA
_o) Ft2







Fus. Sta. of .25 MAC
W.P. of .25 MAC
-- B.L. of .25 MAC




Data for (1) of (2) Sides
Leading Edge Cuff 2
Planform Area Ft
Leading Edge Intersects Fus M. L. @ Sta
Leading Edge Intersects Wing @ Sta
28
II lll [,i _ _,
DWG. NO.....yI,70-(/9iqcZ_..........
FULL,SCA.LE MODEL SCALE
2690, O0 O. 82 381.
_ __ 2.26,5 2 ":
!-]7% _'.:" ._
O. 200 _.
.... 3.000 _., J
;_-__*3_.999 .+3., ,('(
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- : , ',q.
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TABLE Ill. - Continued.
,! i
MODEL COMPONENT: ELEVON- Ep__
GENERAL DESCRIPTION: _ c0nfig_ra%ion per WIo 3 Rockwell Lines IEaYln_





Span (equivalent) - In.
Inb 'd equivalent chord
Outb'd equivalent chord
Patio movable surface chord/
total surface chord
At inb'd equiv, chord





Area Moment (Normal to hingeline) - ft 3















TABLE III. - Continued.
MDDEL COMPONENT: VERTICAL, V7 (Lightweight Orbiter Configuration)
GENERAL DESCRIPTION: Centerline vertical tail_ double-_ed_e airfoil with
rounded leadin 6 ed6e.















0.2 5 Element line
,,_._ , o.13o_
}l_.i2 5.5251o
_' 1.67 _ i.672
......O._o7 o. 5o7








Fus. Sta. of .25 MAC
W.P. of .25 MAC







Leading wedge anble - deg.
Trailing Wedge angle - deg.
Leading edge radius




z3. z7 ...... o.oo_o)
I_anketed area 0.00 0.00
3O
TABLE III. - Continued.
COMPOR_T DIMENSIOE4L DATA
MODEL COMPONENT: RUDDER - R_
GENERAL DESCRIPTION: _2A, 3 and 3A ponfiKurationper Rockwell Lines Drawing
_7o_ooo95
NODEL SCALE: 0.O175
DRAWING NUMBER: VL70-000139, VL70-000095
DIMENSIONS:
Area - f_
Span (equivalent) - in.
Inb'd equivalent chord
Outb 'd equivalent chord
Ratio movable surface chord/
tot_l surface chord
At Inb 'd equiv, chord





Area Moment (normal to hingeline) - ft3
Product of area and mean chord
FULL SCALE MODEL SCALE










I_DEL COMPONENT: EXTERNAL TANK - TIO
GENERAL DESCRIPTION: Exter_ Oxygen,hYdrogen tank; 3 configuration, per




Length - In. (Nose @ XT = 309)













 x).o ..... 7.oo
32
• TABLE III. - Concluded.
MOD<L COMPONENT: MP3 NOZZLE;? N








Gimbal Point to Exit P].ane
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850.89 0 -- 10.726
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6.00 452.00 WINDOW #i
43.20 478.00 WINDOW #2
34.80 478.00 WINDOW #2
44.80 464.97 A 0.784 8.137
|
59.20 452.00 1.0367.910
40.40 452.00 WINDOW #2 0.707 7.910 --
62.40 464.97 WINDOW #3 , 1.092 8.137
367.03 20.00 -- 2.258 0.350 --
431.54 24.00 -- 3.387 0.420 --
I03 2.52 25.00 _ I_29 0.438 --
496.06 25.00 4o516 0.438 j_


















.... i625.09 _000 6.774 0.875 _!.o3_
9.032 0.875 I_ 21o5l_Z_754.i2 50.00













































































































367 52.00 -- 2.258 0.910
625. 330.001 6.774
496. 320.001 4.516
625 09 74.46 -- 6.774 ]..303
496 06 75.60 292.00 4.516 1.323 5.110
431.54 79.20 304.80 3.387 1.386 5.334
496.06 85.20 298.80 4.516 1.491 5.229 40
625. 91_43 6.774 io600 40
625. 102-86 6.774 1.800 45
302. 325.60 1.129 5.698 _5
J
367. 317.60 2.258 5.558
431. 83.60 314.4 3.387 1.463 5.502
431 54 62.00 -- 3°387 1.085 --
496.06 65.60 287.20 4.516 1.148 5.026
_5.5 .o37 #
[









,4_9 _> MoHoB. TA/_GENT
39 6969 M.H.B. TANGENT
J











336. 350.00 1.724 6,1251
625. 350,00 6.774 6.1251
I_0. 350,00 18.064 6.1251
1399. -................. 1350700'" 20.322 6.125
1496. 350.00 22.016 6.125
1496. 3oo.oo22.016 5 o-1
302 342.40 1.129
37




20 ,_3 FUSELAGE SIDE
20 c3/
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FULL SCALE ,MODEL SCALE
SKIN
....... l "'IIF ROU_ THICK-
Xo Y x_NOSE] Y NESS
I MI IIIII I
281. OOL L.918 . O3__
281.00_ _.918 . © 3 5"
281.00& &. 918 . O _ _"
398.089 6. 967 , O2 cP
. OZO
398.089
.200 1090.428 L i&.918
_F .600 1291.171 IF
._oo -959_ .__6_6.875_7_,__6_ .....
.600 .050 i134.886 281.00k 15.696
.600 .200 1188.657 _g 16.637
.600 .600 1332.028 19.1A6
k_6:967 ,_ZO
3.278 . _92b "
REMARKS














,_ .9oo LL40.OOO _r
.600 .950 1458.00(] 281.OO4



























, / C __ _ X ' _ -- I FULL _ _ _--_II'I_ IIS C A_ ..................... '''_ _ _" _ X ; k SCAL E .... _ m." I _ I I _
iOo I ,- , x o x OSE Y z
i
allm_llllll _ ._ ill illl
:'411829 i3,7,_ -- 18.715
!42) .(K)O 13o9,2' 20.318 ....
.................................................-;;.o:-I .......................
'3_3_I.3!_: _-_.__':..°z ...... _..........................................












BOTTOY , : :'_S:
BCr,L,. : :,-,; .......
" r: z', %It!
BOTTOM ,_r .._
_45: L-OI.&4]S&'7* .) I 22.902 ,,0_" BOTTOM OF kCS









.20, 8 . ¢_.-__/ ...........................................
-A_,_k_L_°_:_.,.? ............
I17.5 . 02_
117.5 , o 33
. o _ ._75.
129.5 ,O52--
O9.o ,q:23_ .......





_.47) ._1276 112.9 _7/._.O
Z49 .862 .... _3___9 IX)2._.§.......
'.51 1.OOC 15;"_:'.3
P-52 1.01A! 15L7.0 &T&.O 22.902 8.295
1276 105.5 &88 19.173 1.8&6 8._0
_3o7 . _z_7.9._98.7 1_.? t5 ..... 2.o_8 ....... 8.727 ....









18.173 1.662 8.650 135.C
1.39.C - o3_- _
.95" 0_,530_,C 21.7z,9 ___1._6__6_2.............?_.22_5__k___.._q.. _:.oZ_ ..............






























.i( .00 550.20 19.513




















LO0 1576.49 785.73 23.42&
















































@. CLOCKWISE LOOKING FOR'_ARD
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16.319 .500 196°
22.846 .700 196 °
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Channel T/C Channel T/C C1o_nnel T/C
No. No. No. No. No. No.
i 1 33 34 65 68
2 2 34 35 66 69
3 3 35 36 67 71
4 4 36 37 68 72
5 5 37 38 69 74
6 6 38 39 70 90
7 7 39 40 71 91
8 8 40 41 72 92
9 9 41 42 73 93
i0 iO 42 43 74 94
ii ii 43 44 75 95
12 12 44 45 76 96
13 14 45 46 77 97
14 15 46 47 78 98
15 16 47 48 79 99
16 17 48 49 80 iO0
17 18 49 50 81 I01
18 19 50 51 82 i02
19 20 51 52 83 i03
20 21 52 53 84 104
2_ 22 53 54 85 _o5
22 23 54 56 86 iii
23 24 55 58 87 115
e4 25 56 59 88 i_6
25 26 57 60 89 134
26 27 58 61 90 135
27 28 59 62 91 150
28 29 60 63 92 155
29 30 61 64 93 156
30 3L 62 65 94 157
31 32 63 66 95 158






































































TABLE V. - Continued.
THERMOCOUPLE HOOKUP SCHEDULE








































































































































TABLE, V. - Continued.
THE_MOCOUPLE, HOOEUP SCHEDULE,





































































































TABLE V. - Continued.
THERMOCOUPLE HOOKUP SCHEDULE


















































































































































































































































TABLE V° - Continued.
THERMOCOUPLEHOOKUP SCHEDULE









































































































































TABLE V. - Continued.
THERMOCOUPLE HOOKUP SCHEDULE


















































































































































































































































































TABLE V. - Continued.
T/C Schedule
THERMOCOUPLE HOOKUP SCHEDULE
Channel T/C Channel T/C Channel T/C
No. No. No. No. No. No.
i 301 33 9 65 42
2 302 34 1.0 66 43
3 303 35 ii 67 44
4 304 36 12 68 45
5 305 37 14 69 46
6 306 38 ]-5 70 47
7 307 39 ].6 71 48
8 308 40 17 72 49
9 309 41 1.8 '73 50
i0 310 42 19 74 51
ii 311 43 20 75 52
12 312 44 21 76 53
13 313 45 22 77 54
14 314 46 23 76 56
15 315 47 24 79 58
16 316 48 25 80 93
17 317 49 26 81 94
18 3].8 5o 27 82 95
19 319 51 28 83 96
20 319 52 29 84 97
2z 3el 53 3o 85 98
22 322 54 131 86 99
23 323 55 32 87 i00
24 324 56 33 88 91
25 I 57 34 89 i08
26 2 58 35 9o l_o
27 3 59 36 91 112
28 ;4 60 37 92 92
29 5 61 38 93 109
30 6 62 39 94 113
31 7 63 40 95 i14




















































































































c_ d .4 _
















































b. Instrumented I_ozzle Base Plate
Model 22-0TS





214_, L.E. 60% SPAN x o 1116.0
2 Y
, - 281_004221) 1 FOR CLUSTER C TIC _0. 218 224
_, _ . L.E. @ 85% SPAN x0 - 1Z33.0
_.\ YO • 398.089
',---THERMOCOUPLE, 7 PER CLUSTER
OF CLUSTER
TOP VII{W
c. Wing Leading Edge Clusters B and C T/C Locations




































































Recovery Factor = 0.9
69






















orbiter fuselage, Y = 0.875
wing upper crease






























o R ...... _.. . ._ ..... o R
• o _ R
• • • • • • • o •



























_. i_ o_ <
_ _ I_ _, _
I..,' -J ° + ....LJ _
:_ _
I%1
q q c2 +: ,g. c., q ..:. +: q _._q _. q o..c2 q o
0 o
. • o . •
• • .
_ _ _ _ _ _ _ o



















































_0 _ _, a_ _ _, O_ _ _


























_._._._. c_. _._ _,, _ .
• . . . ._._ _
• • • 0 0























• ° ° ° ....
o__oo__ . .
_o_o_,_o_ _ _ _ _
• ° , I_. ° • ° .
• • . • (_ ° . .
• • • °







































._._. _ __._._ ..... o
C_




• • • , ,






































































• ° ° * ° _ . ° . I_
• . a. _































_._.. _ _ _ _. _.
_ _ a a a a o
• o .
, o . o
.... ° °



















































































a. a a. a a. _..
a _. a.
q_







'_ 5 _ ._-. • .
S. o. . • •
_ qo..
• ._ _ _ _._
__ _ ..
,ip .






































































J • + o 0 • o
0
0 0 0 0
_._.E . _ o ___. 0 • ...... • ........
0
RR. '
o_ _0 0 o 0 o _r_
• • 0 • . • ,
• • •
• • • • • •
o

























































_T _ t_ _ _ _ _._ (_, (:9 C'_ Ci











































__ _ _ _ _ _ -o
_'_ _" _'_ _- _,- _,_ I_ *' '_'"




















.... o , ° . .... , ....
• o • .....
• • • • • o °
• ° • • ° • o • °












































• ._._._._ o00°.°.0o°0 ..... ,
_._._._. _ ,s _°_._..
• • • •
_!_ _ _ _ _ _ .._
s___._




















































• • ° ,
.._ • ° . ° • ° ° ° • ............
0-*°**°°g
_ • ° • .










in in t_ V_ IO t*= f_. _
_ . . . . . ° . • • • • . , o o o
B
@























• • • .








,_..+ ++ _. +oa N
• • 0 • .... • . o o • ........... --
+ + + +
++++,+_ + ° + _+ M+ P, + + o'_ +
• • o . .
.+







































_ _ io 4D
• ° • o (_. ° . °
• ° o ° . c)
° ° •
It_clc)(_ io if_ w in fv-i ir)(_,w









































" " " _ _-
_2
> _. _.
_ _ _ .
II
II II II

























• ° o °
IN.
_r_











































































































































































































































° ° • .e_















• • ° • . ° , . • ° • . ,
0
































































































































































































































































































































• • • • • • • •
.... • • • C_
C_q_






















































































































• • ° °







































































































• o ° •
P_ q_ c_
,rfQ4 _ _





• , ° • o , ......
, o ° • o o
C_































































































































































































































r, _i, r, q_ r_ q_ rq _
























































• . • •
F-
1:1 1_1 _ _-*
In












































































































































12_ C1 0 0
I!
























• • ° ° . ,
_r
C]
C_ , OOC) O0
8
8 88 ' _,_i_o_i_o__ , _











































































































































































































8 _o _ 8 8 _























































































































































































































































































































































































• o o • ° •
. • • • • • °
C_
_t








































o _ _ _
f_
C_





















































































































































































































































































































. ° • ° °































































































_ ° • ° ° o • • • • _ ° • • 0 t










































































































































_ • ° ° o . ° * °


























t_ _ '_ a _'



















































. • • •
























































































































































































































































_ ,,.4,,_v4 f4 ,,_





































































































































































• • o •
II iI II II





























• . o ° o
qo















• • • °
.J _ ° I!
_ _ _ ...... _ o


















































































































































































































































C_ C) _t C_
8




















• • ° . • • • tO
0
,qr
















.... o ........ o






















































o ° ° • .




















































_ _ o_ _
q_
• . • . ° °
_ 0
rl
9-, _ _, r, .r_ q_ q_J _ ,_ _




























































o _ _° _
CI
s-*






































































_ ql' _1 + _























• . • • • •
















































• • ° ° °













































































































































































































• o . o
g_




















































































































































0 0 _ 0
0
0






































































































































































I! II II II
14




































_ _ o_o o_ _
o • • •
• • • C_





























































































































































_ . • ° • .... ° ° o • • °


















































































































































































































• . ° ,_
• ° ° •






























































































i,,, ,i,_ _r, q4 _..t 1_-4 _

































,,.* _r" r, ,.4.4 rf .r_ r_ _
°














































_ _ ...... o
|


























































































































• • • ° • • °
0
_ qO C)
o _ _ _
• ° • •



























° o ° . ° °
































































































































































































































_ _ _ i_ _ _ _ t_ 1_ !_ t_ _
i , ," . . . _._. .,'. ,
o Q














































































































































































• ° . °




























































































































































































































• 0 • •
II
_,_ • • • • • • • ° ° • °
_ • o o • •























































































































• • • °
(D
• • ° • • • • • . 0
b
¢_




































































































































































































































































































































_,. . • • • . .
.J



















































,,,pi . o qr 0
0
I_++ + Ii+m +
• _ O 0
+ i+ II ++,,, $ till
+i+ II _ ",.-"
. o . 0,1 0
+++ + I_ i+ i+F-- _
o m .+ m. o
"::+:+:++ I _,_ _i+,+l:il_!+_ II I II
Ill+i!:+ +i .,+ '+ ++ I! ill
II • I_ ,i,,,i
II II II +
" + + +-, I+ ++ oi++ < o ,,. .:
.< >" II tl • • .
:I_ _ I_ "
I--
+i+ " +
" • • " In

















































































































































































































































e4 _rttl_ v_ w_t,_P_ _





































































































• ° . . ° ° °
0
4D

































































































































































































































• • . ° _
_ ,, ._ •
II It |1 |l _
• ° ° • ° • • . .
_ _ _. . .
..... •": .... o. o . .
it;
(3



















• .N._.... _ _ _ _ _ . . .
t
8 8



















......... _. o _t §
t _" .- - II







































I! #l II f_
--,"
• , . _._,_. _, .4 C)
_ _._.-._.,-:._ _. o .... _ s.._.
_P

















,,.?_._ o o _ _ _._ _._..






































• • o • • o • I1_ •
_ • o • •
_ •












• _! o °
I!
> _.
• • ° ° . • °
k't



















• • . , o
Iv


















II I! |1 II
• . -:.. _ _ . .
l!
i!
_,_._._._. , . _, . . .o, .
• _ I:_I
_ -


















































































































• ° _ •








(_J • , °





















































• . o °
_. _. .



























• ° • ° ° . .
o_ -t-













• _ _ . o
° o















• ° ° ._
• . . •


















F) I_1 _ ° ° °
o






































_ . ._ o ._
If)














_ c_ 4D C)











































• _ ° 0
._._. .... ,- ,_ . . . .o.
0
o ,,., o o o _f



















• o . • • • •
° _ ..........
0


















































• ° • °










• ° ° _: • • .
,_ _ -. ._ o _. . .

















• • o , ° . • _,_
_ _r






































• 0 ° ° • ° .
• , .
• ° ° . . • ° ° ° . o °






























_J C_J . ° .



























• • ° ° _1
It II I! IP _
N

























• • • • • • • p3
_r _ _








































































_ • • ° •















'_ • • 0












































lw')_ ,,,,P'- O_ {(}
0 • • °
• . ._.. _,_ .4_ .._ _ _,_. _.._.
C}
q " . . q ':3. ":


































• • o • _A
_o
0
_ _ ,-., ,



























• ° • _ . o •


















• . o. o..






























• . ° • . . °
IN _ ed _ C_
• ° ° ° • • ° . _




._ _ _ o











































._.._ ._ _. ..
_._._._._._.. _ _ _
-_ . . . _ ._,
0
o _ _
































o _ ° . ° • .



























































































L_t ...4 _ ,r.J ,,-., C_ _3 •.'_ ,,'_
• ° • . •
_ o _ _





















I! I1 11 *.-
(0
t! I,-
tl II II I| _
o -".
k_
_, _, = _ ,
























• ° ° ° . ° °

































_.',__. ,_ ._ . ....









..... ° . _ • ° •






















































* ° • ° * • °
• ° • • • • °
_n _J













• o ° ° • ° •
_ cD















• ° • •
_ ._ _ . _'_




















. . _ _ _ ,...





































































o.°_.°o _ _ _
00_
...... _ _ _ _ = _. _
• _ _ _ _ RR
• _ C3 0
, _,_,. _, ,_ _






• • • ° • • •
_ _ _ ._ o_


























• e • •
0
_'_'_ _'_ 0_0 _'



















































• • • • • • °


















• o • .... •
......... a._a
I_ _ I::





































• • • o






























• • • • • • • L_J _ IF4
e
• qrt _ C_ • C_











































• ° • o o o o
• . °















• o o ° •
• qF4
0 0 0 _ 0







































• . • ° • • •
. _. .4 _ _.._.
• . ° • ° •
_J








. . 0 .
+ . 0 0 . . ° . o • . +
o o



















































"1._, . . ,_ ,_











0 0 o 0


































.... -:._ -: _.
• ° • . ° • . •
,it
• ° o • °
















































































II It II II _
• _
• o ° o ° • ° _























o_ ra rJ _ (_j _J r,
• • •
















_ _ " ,., ,,
" " I J
• . . _ ,_
!
_ ° • ° ° . ° •


































_ . o . .































































































_ o ° °










f,J * . • o , •
• ° . • , •
•






























































• o , ° o o _
v
• ° , ° °


















































































































































...... _ I_ •
I| _,4

























i ._ ,,_ ,,_
II I!
• • o • • • _,_ • • • • • • _'*
• . • o ° °
• • • . • .
• o •






• • • . • •
II
• , • • °













































• . o •







• o • ° •
II W II
_ _ ,. _ .......
II
• .
• - • • , U
g _ 6
N




































• • ° - • II
• ° ° ° o ,,_
• ° • ° o




















Iq I! N ,
i
C_




























































• * ° • • II
0






















• ° o .
















• • • o •
_ 121
• •





















i._ • • • • • • •
c) c;
• • o o o i!
• • o • o







• • • ° °






























































• ° ° ° * I!
tl





• * ° ° • II
• _" .... ;F _.
























II " " " • • II
:: g































• * ° ° * I!
• • • , o _
• ° , ° • _







_ _ _ i _




















































C:) C) C) O ¢) ,_ .,_
• 0 • . .






























• • o o o #!
I-




























• • , ° • I!
i























• * ° ° ° I_
o_ _ °_

























































• • • ° - I!
• , , ° .
• .







• . • ° .
++






















• ° , .
_°























• • . . 0
iI"l I,-
0







" * " ° • I!
..... _
.....
_ o . _ _
_aa88
o . . o o
• • o . •
• ° 0 ° •
II ®
° ,




























M _ _ lJ
bbb_
I!







II " " " " " II
._ + + +++++_++ .+ +
_ ._. .... _.
+ _ • • o ,i,+
It ,+4 II _.+
+ ,_ ;.'.',,+° +....... + +_
+ p., + ,,+
,.,_+.++++_+++
• • • ° o
' i+.+.+ +





• . ° • •
_ • • • ° °
mmmm_




















































#I ¢¢ II l! v
_b
O_ )
• * * * * II
O. I,"























• . . ¢.
I_l u' 0
ii II II II
5 _i g


















• . . • •
• °






























• ° • _
_' I_ _-
° ° . ° ,_
_, 5 g g, °'
r-





















































• . . • • ° .
























































(_1 C._ 0 _
I_ $! I!
ii II It















































































































° • . •

























I_ G_ tP srl 0















o.. , ° .














































II w4 II we
0
• • °























































• o . •

































































• • • ° •
























































































































• • ° °
















































































































• ° ° o _














































































































































































































• o ° n
ii
|1 || |$ _*











































I! II li il






























_ ° • o








• ° I1 • •
II :- !1 i
_. _ _ °



























































. ° • •














































































































• ° • •











_ _ 8 8


















































































• ° . •



































































































_ _- _. .
g --
_I _ ,o _ " "
N
|!




















• , • •





















































































..: . _ •
_ _"'_ !i
• •
.." ,, _. ,, - . .











° • ° •



































































































































































































































• ,-,. i%l l'_,l




















































































































g ° • •
II II II
LL _
° • • o























































































































• 0 • •









































I,I II II I! II _
!'+
• 6 _._. _. _ o




























• . o •





























































• o ° .









































































|1 II II I1
_bb_
,, _. _ _ ,, _ .























































































































































































+ I!H II II
O_ _ _







































































































II II II II +
++_+ +'++













W • • •
















































_ _ .-_ ,,
b










































• II, • II
II I!






















• • , °























• , , .




















































































































































































































































































































































































































































































































































































































t_ . • ° _._













































































































































































































































































































































































































































































• ° • °




























































































































































































,,! _. ,qc? g
I| II II I| _ _"r





















































w • • 0




































































I_ o '++ _ .,_
• • • .



















































• . o •

























































































































































































I_ • ° • °



































• . . .._































































• ° ° .





































































































_ . ° ° °









































































































































• • o •



























































































































































































• • • o
II
I!






































































































































































































































































































• o • °
















































































• • o •






































































_ _ _ °
l-
.J N
U
Z
